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NATIONAL ADVISORY COMMITTEE POE AERONAUTICS 

TECHNICAL NOTE NO. I329 

TAIL-IESIGN REQUIREMENTS FOR SATISFACTORY SPIN RECOVERY 

FOR PERSONAL -OWNER -TYPE LICHT AIRPLANES 

By A. I. Neihov.Ee 

SUMM/VRY 

The design requirements for airplane tail surfaces that vould 
provide effective control, for satisfactory recovery from fully 
developed spins of personal-owner-type light airplenep have teen 
determined from an analysis of the characteristics of at>proxime;tely 
60 modeln previously tea tod in the Langley spin tunnels. Although 
thoee models did not represent c.ctual personal-owner aircraft they 
had proportions of maae and dimensioned characteristics representative 
of many airplanes in the personal-owner category. 

A chart le presented that shows an empiric.1 relationship 
between a tail-design parameter, relative density and relative mass 
distribution cf the airplane required for satisfactory recovery from 
fully developed spins. 

For airplcne3 having values of relative density of 6 or less 
at the spin altitude, the tail-damping power factor required to Insure 
satisfactory recovery by rudder reversal alone ranged from the email 

value 50 x 10 "* to the value 300 x 10 "* approximately, rs the inertia 

120 y 10  to 120 x 10"^ yawing-mrjment parameter varied from 
For airplanen having values of relative density between 6 and 10 at 
the spin altitude, the required tall-dair.ping power factor was larger 

-6 for corresponding; values cf mass distribution, ranging from 200 x HO 

to 600 x 10"°. If rudder reversal was followed by moving the elevator 
down, the tall-dempint; power factors required for the entire rongo of 

mass distribution considered were 50 x 10"b and 200 >. lß"°, or leas, 
for airplaner, having valuer of relative density of 6 rnd 10, 
respectively. 
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iPTsrii'XTini: 

Spin invost-*.gatioTi£i have been conducted jn tho Langley 15-foot 
and 20-foot free-spinning tunnels on approximate:!!* .150 different air- 
plane dosi,jns to rJetermino the spin and recovery characteristics of 
airplanes in fully developed rpina. Appro:.ira.toly Co  of the designs 
tested had ratios of ving leading to wing sp-in that ere considered 
typical of alrplfij.es in the personal-owner category (see fig. 1) 
and the results of testa of these models hrve teen applied to the 
light-airplane spjn problem. In crder tj provide effective control 
for satisfactory recovery fron fully developed spins of personal- 
ovner-type elrplares, a design requirement has been set up based on 
tho aeme factors considered in determining; the design reiulrement 
frr military airplanes previov^ly reported in reference 1. As before, 
for different va\ues of airplane relative density, values of tail- 
dsmping pover factor have be^n plotted c^ainst a  nondimenrional 
expression for the difference in moments of inertia about the 
airplane X and Y a-xes, rnd ref-lors of sttisfactory «id unsatisfactory 
recoveries have been defined on the baris of results of the spin 
Investigations of the mcd9ls considered. 

SIM» LS 

P 

P5C00 

angle of attack,  degrees 

e.ir density at n given altltr.de 

air density at sea level (0.002J78 slur; per cu ft) 

air density at un altitude of 5000 feet (O.CC20li9 slug 
per cu ft) 

500C 
1.16 

S vina area, scuare feet 

b ving span, feet 

W veirht, pounds 

ß acceleration of err.vity (32.17 ft per tec"1) 
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ni    mass, slugs (w/<v) 

H     airplane relative density (m/pSb) I at sea level) 

Iy, I» moments of Inertia about X and Y airplane axes, respectively, 

elug-feet 

.X -"--X, Inertia yawing-moment parameter 
mb2 

T0PF   tall-damping power factor (see fig. 2) 

TIE   tail-damping ratio (see fig. 2) 

UBVC   unshielded rudder volume coefficient (see fig. 2) 

METHODS 

1 
The analysis was made by plotting the tail-damping power factor 

as a function of the Inertia yawing-moment parameter for each model 
considered. Lines were then drawn on the plots separating models 
possessing satisfactory characteristics from those possessing 
unsatisfactory characteristics as regards their ability to recover 
from fully developed, or established, spins by reversal of rudder 
alone and by reversal of both rudder and elevator. Plots were made 
for two relative-density ranges. 

TBK t J 

The recovery data used were obtained from routine tests made in 
the Langley 15-foot and 20-foot free-spinning tunnels. The methods 
for malring these tests are described in reference 2. In recent 
years, however, the method of launching the tacdel has been changed 
from launching from a spindle to launching by hand with spin rotation 
into the vertically rising air rtream. Also, the clockwork mechanism 
has been replaced with a remote-controlled magnetically actuated 
mechanism. The data considered apply only to the model in the so- 
called clean condition, that is, with flaps up and landing gear 
retracted (except in case of fixed landing gear). Only conventional 
monoplanes produced during the years from I935 to I9U5 were 
considered in this investigation. 
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Results obtained by rudder reversal alone are presented because 
recovery from the 3pin can quite often be accomplished by this method• 
Spin-tunnel experience has indicated, however, that as the relative 
mas3 distribution along the winga is increased, the rudder loses 
effectiveness as a means of terminating the spin and the elevator 
gains effectiveness. Ee3ult3 obtained by reversal of both rudder 
and elevator are, therefore, al3o presented. Reversal of both 
rudder and elevator for recovery in the spin tunnel i3 made simul- 
taneously because of limitations of the remote-control mechanism U3ed 
fr'r recovery te3ts. For recovery fron airplane 3pin3, however, the 
generally recommended procedure is that rudder reversal precede 
movement of the elevator down by approximately 1/2 turn in the spin. 
Moveraent of tue ele.ator 0.?wn prematurely may shield the rudder and 
thus decrease i ts effectiveness. 

Factors Considered 

As previously aeni-loned, in setting up the design requirement 
the factors considered were airplane relative density, tail-damping 
power factor, and inertia yawing-mooent parameter. 

Relative denBity is an indication of the interaction of the 
inertia and aerodynamic forces und momenta acting during the spin 
and. recovery. In order to determine the valuea of relative 
density \i    typical of light airplanes, wing loadings W/S were 
plotted against wing spans b considered representative of light 
airplanes. Current trends indicated vhat wing spans varied from 29 
to kO  feet and wing loadings varied from approximately 6 to 24 pounds 
per square foot. The corresponding values of relative density, for 
sea-level air density, varied from approximately 2 to 9 (fig. 1). 

Tail-dampine power factor TDPF is an empirically determined 
parameter and Its value is an indication of the effectiveness of the 
vertical bail in terminating a spin. The method of computing it, 
as explained in reference 1, is illustrated in figure 2. For modele 
having twin vertical tails at the ends of the horizontal tail, the 
outaide tail (left vertical tall in a right spin) is considered 
extremely effective in terminating the spin and tne e.itire fin and 
rudder area 13 considered unshielded. The inside vertical tail is 
considered in the normal aanner In determining the effective fin 
and rudder area. Any existing fuselage area below the horizontal 
tail is also considered in the normal manner. If the vertical tails 
are not at the ends of the horizontal tail, the unshielded effective 
areas are determined by drawing the usual woke lines from the leading 
and trailing odgos of the horizontal tail. 
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The Inertia yawing -moment parameter 
mb2 

plotted as the 

abscissa of figure 3 Is an indication of how the mass is distributed 
in the airplane, that is, whether there is more mass distributed 
along the wings or more along the fuselage. Increasing values of 
the parameter indicate increased distribution of mass along the wings 
or decreased distribution along the fuselege. As indicated in 
reference 3, this parameter may be used as an aid in predicting the 
effect of controls during the spin or recovery. 

Banges of values of the relative density and the inertia yawing- 
moment parameter selected were considered to be representative of 
the personal-owner type airplanes currently being produced or 
contemplated. 

Analysis 

In the analysis of the data the models that exhibited satisfactory 
recovery characteristics were separated from those that exhibited 
unsatisfactory characterisecs. The criterion for satisfactory 
recovery used for military airplanes in reference 1 was modified 
somewhat in consideration of light airplanes, partly because of 
insufficient existing data end partly because of the desirability 
of a more rigid criterion for safety of light airplanes. For this 
investigation, recovery characteristics of a given design were 
considered satisfactory if recovery by full rapid rudder reversal 
took place in 2r turns or less for all elevator settings when 

ailerons were neutral. At any elevator setting other than full 
down, recovery characteristics were still considered satisfactory 
even though movement of the elevator full down was required in 

conjunction with rudder reversal if recovery took place in 2- turns 
k 

or less. Although only aileron-neutral results were considered in 
the current Investigation, aileron deflection in the spin may 
groatly affect recovery characteristics. As indicated in reference 3, 
the aileron effect in the spin will probably depend upon 'the mass 
distribution of the airplane and unless the probable aileron effect 
is known, ailerons should be left at neutral during the spin and 
recovery. 

The regions of satisfactory and unsatisfactory recoveries were 
separated by two lines, one for recoveries by rudder reversal alone 
and the other for recoveries by reversal of both rudder and elevator. 
The lines, in general, were drawn above the highest value of tail- 
damping power factor that gave unsatisfactory recovery or below the 
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to insure satisfactory recovery regardless of mass distribution if 
rudder reversal wao followed by moving the stick forward. For 
recovery by rudder reversal alone, however, the tail-damping jowor 

factor required war.' ae much as 300 x 10    ,  approximately, for loadings 
where the mass distribution war; relatively heavy along the 

(h.~h. L\ 
wings ( =-• = 120 :< 10 4J. For heavier airplanos 

\  mb* ' 
(n approaching 10), it became increasingly important to consider 
the provision of n sufficient value of tail-damping power factor 
to insure satisfactory recovery. For satisfactory recovery by 
rudder reversal alone, the tail-damping power factor required variel 

from 200 >- 10  to 600 x 10  as the correctponainr. value 

of ——5— varied from -120 : JO  to 120 x 10 . For those cases, 
mb 

it was indicated that movement cf the elevator down would usually 
be of appreciable assistance in terminating the opin and the teil- 

dataping power factor required v&3 200 x i0"°, or leas, over tlie range 
of mass distribution considered. As a factor of safety, however, 
it i3 concldered desirable that a sufficiently lar^e value cf tail- 
damping power factor be provided to terminate the tpin without the 
assistance of the elevator. 

ccncnrnoi-.r; 

From spin-tunnel taste of approximately (So airplane models 
considered typical of personal -owner-i,ype airplanes an analysis lias 
been made to deteimine the tail design requirements for satisfactory 
recovery from fully developed spins. The analysis indicated that: 

1. The minimum value of tail-dctmplng power factor which would 
allow satisfactory recovery by reversal cf rudder increased with an 
increase in the value of airplane relative density and with increased 
relative distribution of mass along the wires. 

2. For airplanes having values of relative deneity of S or lese 
at the spin altitude, the tail-daupine power factor required to insure 
satisfactory recovery by rudder reversal alone ranged from the small 

value of 50 y  1C"0 to a value cf 300 x 10 "° aa the inertia yawine- 

moment parameter varied from -120 y  10* to 120 x 10"1*. As the 
relative density at the spin altitude increased to 10, the tail- 

damping power factor required ranged from 200 x 10"° to 600 ;< 10 . 
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DlltM 'Ui, 
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COmiTTIE m UXMniT.es 

kalatlra »Ud, 

<e) partial-length ruddari   er aMund ta ta 80° | TD»    -D.019. 

Figure 2.-. Method or computing tall-d&aplng power factor.    2*ll-d»iBplng 
power factor (TDPFI   La the product of tall-dam; i.-.g ratio  (TDH) ar.d 
uihhleldcd  rudder volume coeffldltnt  (URVCJ. 

S('/2)z J<b/2)    . 
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